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^© The present invention relates to method and 
©apparatus * or correcting defects of an X-ray mask 
^comprising the steps of: irradiating a focused ion 
2j beam to at least a region having a defective portion 
of an X-ray mask (200) having a protective film (204, 
304) and eliminating the protective film; exposing a 



© Method and apparatus for correcting defects of x-ray mask. 



circuit pattern (205, 305) having a defective portion 
(150, 160) locating under the region or setting this 
circuit pattern to the state near the exposure; detect- 
ing at least one of the secondary electrons, secon- 
dary ions, reflected electrons, and absorbing current 
generated from that region and detecting a true 



Xerox Copy Centre 



:iD: <EP 0298495A2_I_> 



EP 0 298 495 A2 



defective position; positioning the focused ion beam 
to the true defective position and irradiating the 
focused ion beam to the defective portion; and 
thereby correcting the defect. 



FIG. 6A 
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METHOD AND APPARATUS FOR CORRECTING DEFECTS Or X-RAY MASK 



BACKGROUND OF THE INVENTION 

The present invention relates to method and 
apparatus for working an X-ray mask in which in an 5 
X-ray mask or the like which is used in an X-ray 
lithography or the like, a focusing ion beam to work 
a product covered with a protective film is highly 
accurately positioned to a defect or the like, there- 
by eliminating the defect of the product. io 

In recent years, in association with the realiza- 
tion of a high integration in a semiconductor in- 
tegrated circuit, an X-ray exposing method is used 
to form a fine pattern. According to this method, an 
Si wafer or the like coated with a resist adapted to 75 
be photo-sensitive to the X ray is exposed by use 
of an X-ray mask which is constructed by forming 
a circuit pattern of heavy metal on a thin support- 
ing material (membrane). Since the wavelength of 
X ray is extremely shorter than that of the light, a 20 
fairly high accurate circuit pattern can be formed 
and the X ray is also superior to an electron beam 
exposure method or the like with respect to the 
mass productivity. Figs. 1 and 2 show arrange- 
ments of a mask 200 for X-ray exposure 25 
(hereinafter, referred to as an "X-ray mask"). In 
Fig. 1, a thin film membrane (supporting material) 
202 made of BN (boron nitride) or the like is 
formed on an Si wafer (holder) 201 from which a 
portion 201a was removed. A plating electrode 203 30 
is formed on the membrane 202 and an insulative 
film for plating stencil (negative form) is formed. 
Thereafter, this insulative film is eliminated by a 
dry etching. After that, a circuit pattern 205 is 
formed by plating. A protective film 204 is coated 35 
on the electrode 203 and circuit pattern 205. In this 
manner, the mask 200 is formed. The central por- 
tion of the Si wafer 201 is eliminated by etching, 
thereby forming the hole 201a so as to enable the 
X ray to be transmitted. *o 

Fig. 2 shows another example. A thin film 
(supporting material) 302 made of silicon nitride or 
the like is coated onto an Si substrate (holder) 301 
having a hole in the central portion. Heavy metal 
layer is formed on the thin film 302. Thereafter, a 45 
circuit pattern 305 is formed by dry etching. A 
protective film 304 is coated on the thin film 302 
and circuit pattern 305. 

The reason why the final product of the X-ray 
mask is formed by coating the protective film 204 50 
or 304 is because in the X-ray exposure, the sec- 
ondary electrons or Auger electrons which are gen- 
erated when the X ray is irradiated onto the circuit 
pattern 205 or 305 are absorbed by the protective 
film 204 or 304 so as not to be irradiated onto the 



wafer, thereby enabling a fine circuit pattern to be 
exposed and formed at a high accuracy. In addi- 
tion, the protective films 204 and 304 also obvi- 
ously protect the circuit patterns 205 and 305 from 
external stress. On the other hand, if the defects 
were corrected and eliminated before the protective 
film 204 or 304 is coated and formed, defects are 
caused due to the mixture of foreign matters when 
the protective film 204 or 304 is formed. Fig. 3 
shows an example of a defect. In the diagram, (a) 
shows a black dot defect (opaque defect) which is 
caused since an additional pattern was deposited 
to a normal circuit pattern, (c) shows a blank defect 
(pin hole defect) which is caused since a normal 
circuit pattern was notched. If such a defective 
circuit pattern is directly copy transferred, this will 
soon result in a defect of the circuit pattern of an 
LSI. To prevent this drawback, the defect needs to 
be corrected at the stage of the copy transferring .m»**j >n- uv* 
process (exposure process) of the X-ray mask as 
shown in (b) and (d) in Fig. 3. 

However, the circuit patterns 205 and 305 of 
the X-ray masks are so fine that have the widths of 
0.5 urn or less. Moreover, their heights are set to 
large values of 0.5 urn or higher in order to absorb 
the X ray. Hitherto, the black dot defect has been 
corrected by performing a laser work to the photo 
mask. However, it is difficult to correct defects of 
such a fine pattern due to the reasons such that 
the laser work is the thermal work, there is a 
focusing limitation of the laser beam due to the 
diffraction, and the like. Therefore, in a recent cor- 
recting method, such defects are corrected by irra- 
diating a focused ion beam of the order of sub- 
microns as disclosed in JP-A-58-56332. 

The foregoing conventional technique is insuffi- 
cient in terms of the detection of the pattern and 
defects which is covered by the protective film as 
in the X-ray mask and LSI. That is. in the X-ray 
mask, LSI, or the like, a protective film made of 
polyimide or the like is generally formed onto an 
absorber pattern so as to flatten it is shown in Figs. 
2 and 3. An ion beam is scanned and irradiated 
onto this sample and the secondary electrons or 
secondary ions which are generated from the sam- 
ple are detected. Only the roughness (concave and 
convex portions) of the surface are detected by a 
scanning ion image which is displayed on the dis- 
play by modifying the intensity of the spot scanned 
synchronously with a scan signal in proportion to 
the intensity of the secondary electrons or ions 
obtained. This is because the projection range of 
an ion beam used is -so short to be 1000 A or less 
and only the information of the surface is derived. 
Thus, there is a problem such that it is hard to 
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detect the fine pattern and defects from over such 
a protective film and it is fairly difficult to correct 
them. 

In addition, as conventional techniques, there 
have been known U.S.P. No. 4,683,378, EPC Ap- 
plication No. 85108708.0 (laid-open No. 0168056), 
and U.S.P. No. 4,503.329, EPC Application No. 
82109014.9 (laid-open No. 0075949). 



SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide method and apparatus for working an X-ray 
mask in which with respect to the X-ray mask 
having a pattern covered by a protective film, a fine 
circuit pattern, defects, and the like are detected by 
irradiating a focused ion beam to them without 
damaging this circuit pattern, the focused ion beam 
can be accurately positioned to the defective por- 
tion, and thereby enabling the defective portion to 
be corrected. 

To accomplish the above object, according to 
the invention, there is provided a method of cor- 
recting defects of an X-ray mask in which a fo- 
cused ion beam is irradiated to at least the region 
having a defective portion of an X-ray mask having 
a protective film, the protective film is eliminated, 
the circuit pattern having the defective portion lo- 
cating under this region is exposed or set to a state 
near the exposed state, at least one of the secon- 
dary electrons, secondary ions, reflected ions, and 
an absorbing current which are generated from that 
region is detected or an SEM image is detected, 
thereby detecting the true defective position, and 
the focused ion beam is positioned to this true 
defective position, thereby correcting the defects. 

The lower layer pattern is exposed or set to a 
state near the exposed state, by working 
(sputtering) the wide region having the defective 
portion on the X-ray mask having the protective 
film by irradiating a focused ion beam, thereby 
enabling the true defective position to be detected 
by the secondary electron image, secondary ion 
image, or SEM image from this portion, and there- 
by enabling the true defective position on the X-ray 
mask having the protective film to be detected and 
also enabling the defects to be corrected. 

When circuit pattern of the lower layer is ex- 
posed, the sputtering rate is generally so high that 
the X-ray mask is promptly worked. Therefore, by 
detecting a current generated by the ion beam 
which is absorbed to the X-ray mask, the working 
can be stopped when the circuit pattern is exposed 
by previously forming a material having a low sput- 
tering rate onto the circuit pattern, and the true 
defective position can be detected. 

Hitherto, when the width of the Au circuit pat- 



tern of the X-ray mask is 0.5 am and the minimum 
defect is so fine to be 0.1 am, the defective portion 
can be hardly detected with the resolution of the 
optical microscope. However, according to the in- 

5 vention, the ion beam is positioned to the defective 
portion at a high accuracy without working the 
normal Au circuit pattern, and only the defective 
portion is eliminated and corrected by the ion 
beam. That is, the invention is accomplished by 

to constituting the detecting section to detect the Au 
pattern of the X-ray mask and the positioning sec- 
tion to position the defective portion of the Au 
pattern on the basis of the detected image in the 
following manner. 

75 The detecting section is constituted by an elec- 

tron microscope comprising: an electron gun to 
emit electrons; an electron lens to thiniy focus an 
electron beam emitted from the electron gun; a 
deflector to two-dimensionaiiy scan the electron 

20 beam on an X-ray mask; a secondary electron 
detector to detect the secondary electrons gen- 
erated from the X-ray mask surface by the incident 
electron beam; and a controller for luminance mod- 
ulating the CRT by using a signal of the secondary 

25 electron detector as a video signal and for scan- 
ning on the CRT synchronously with the deflector. 

The positioning section comprises: an SEM 
image memory to store the video signal by the 
secondary electrons from the detecting section as 

30 a scanning electron microscope image (hereinafter, 
referred to as an SEM image); an SIM image 
memory to store the signal from the secondary 
electron detector of the ion beam working machine 
as an SIM image (scanning ion microscope image); 

as a position deciding circuit to decide the defective 
position by use of the signals which are obtained 
from both of those memories; and a positioning 
controller for controlling each element of the posi- 
tioning device and positioning section to designate 

40 the defective position from the image in which 
defects are displayed and which is obtained from 
the position deciding circuit 

First, about 90% of the thickness of the protec- 
tive film (polyimide isotndroquinazoline-dione) is 

45 worked and eliminated. The resultant SIM image 
mainly consisting of the working hole is stored into 
an SIM image memory. At this time, at least the 
edge information of the working hole needs to be 
stored. 

so Next the Au pattern is detected by the detect- 

ing section. That is, in the detecting section, the 
electrons emitted from the electron gun are fo- 
cused by an electron lens. The PIQ working portion 
of the X-ray mask is scanned by the focused 

55 electron beam by use of a deflecting coil. The 
secondary electrons obtained from the surface of 
the X-ray mask are detected, thereby obtaining a 
secondary electron image. This image is stored 
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into the SEM image memory in the positioning 
section. In this case, the SEM image is formed by 
the .secondary electrons from the Au pattern under 
the thin PIQ since the electrons of the scanning 
electron beam enter the sample deeper than the 
ions of the ion beam. Thus, the shape of the Au 
pattern can be obtained. 

Therefore, in the positioning section, the edges 
of the working hole are detected with regard to 
each of the SIM image and SEM image and the 
positional deviation between these images is cal- 
culated. The SEM image is corrected by the 
amount corresponding to the positional deviation 
and superposed to the SIM image, so that the 
image in which the defective portion of the Au 
pattern is displayed is derived. 

The defective portion is designated by the po- 
sitioning device by use of a cursor line or the like 
and the working range is designated to the deflec- 
tor controller. 

In this manner, the fine pattern and its defects 
which are out of the detection limit in the case of 
the detection using the light can be detected with- 
out working the Au pattern. The defective portion 
can be positioned at a high precision. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 11 is a diagram showing a change in 
absorbing current when a protective film of an X- 
ray mask is worked by an ion beam; 

Figs. 12A to 12C are diagrams showing an 
5 embodiment which enables the detection with a 
good contrast to be executed for an X-ray mask; 

Figs. 13A and 13B are diagrams showing 
another embodiment different from Figs. 12A to 
12C; 

10 Fig. 14 is a whole arrangement diagram 

showing further practically the apparatus shown in 
Fig. 10; 

Fig. 1 5 is a cross sectional view showing an 
X-ray mask to be worked; 
75 Fig. 16 is a cross sectional view showing an 

example of the working of an X-ray mask; 

Fig. 17 is a cross sectional view showing an 
example of the working of an X-ray mask according 
to the invention; 
20 Figs. 18A to 181 are diagrams for explaining 

the processes of a position deciding circuit shown 
in Fig. 14; and 

Fig. 19 is a cross sectional view showing the 
result of the working due to an X-ray mask. 

25 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



Fig. 1 is a diagram showing a method of 
detecting a lower layer circuit pattern by working a 
protective film in an X-ray mask according to the 
present invention; 

Figs. 2 and 3 are cross sectional views 
showing structures of X-ray masks; 

Figs. 4A to 4D are diagrams showing a black 
point defect and a blank point defect of a circuit 
pattern in the X-ray mask; 

Fig. 5 is a diagram showing an embodiment 
of an apparatus for embodying the invention; 

Figs. 6A and 6B are diagram showing a state 
when a focused ion beam is irradiated onto the X- 
ray mask and a screen which is displayed on a 
monitor; 

Figs. 7A to 7C are diagrams showing images 
which are detected before and after a circuit pat- 
tern is exposed when an X-ray mask is worked; 

Figs. 8A and 8B are diagrams showing a 
state in which a protective film is worked by an ion 
beam for an X-ray mask in which an etching stop- 
per material is formed on a circuit pattern; 

Figs. 9A and 9B are diagrams showing the 
case where both of the ion beam working and the 
SIM image detection are together performed; 

Fig, 10 is a schematic arrangement diagram 
showing an embodiment of an apparatus in which 
the ion beam working and the SIM image detection 
are performed; 



30 The present invention will now be described 

hereinbelow with respect to an embodiment shown 
in the diagrams. Fig. 5 shows an embodiment of 
the invention. An ion beam emitted from a liquid 
metal ion source 501 is focused by an electrostatic 

35 lens 503. The focused ion beam is then deflected 
by a blanking electrode 504, a blanking aperture 
506, and a deflecting electrode 505 and irradiated 
onto the X-ray mask 200. At this time, the secon- 
dary charged particles (secondary electrons, sec- 

40 ondary ions, or the like) emitted from a sample are 
captured by a detector 508 and a resultant scan- 
ning ion image is displayed on a display 509. If no 
protective film is formed on the pattern in the X-ray 
mask 200. a normal pattern 510 and a defective 

45 pattern 511 are displayed on the display 509. How- 
ever, in the case of the X-ray mask, as shown in 
Fig. 6A, the membranes 202 and 302 are formed 
on the holders 201 and 301 formed at the periph- 
ery. The circuit patterns 205 and 305 having widths 

so of 0.5 urn and made of heavy metal such as Au or 
the like are formed on the membranes 202 and 
302. The protective films 204 and 304 having thic- 
knesses of about 2 urn and made of polyimide or 
the like are further formed on the membranes 202 

55 and 302 and circuit patterns 205 and 305. The 
concave and convex portions of the circuit patterns 
205 and 305 in the lower portions are not always 
reflected to the surfaces of the protective films 204 
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and 304. As shown in Fig. 6B. the circuit patterns 
205 and 305 are not displayed on the display 509. 
•Therefore, in the state shown in Fig. 4A, the X-ray 
mask 200 is set in an ion beam working machine. 
As shown in Figs. 3(a), 3(c), if the region where a 
defect exists could be detected by using a trans- 
mission type electron microscope or the like as 
another defect checking apparatus, this detection 
data is stored in a memory 514. A controller 513 
reads out the detection data from the memory 514 
and drives a motor 512 to move a table 515, 
thereby positioning the region having the defect to 
the position onto which the focused ion beam is 
deflected and scanned. 

Next, the ion beam working machine is made 
operative by a command from the controller 513. 
As shown in Fig. 4B t a slightly wider region is 
scanned and worked by the ion beam. When the 
circuit pattern 205 (305) of the lower layer is ex- 
posed, the display image changes from the state 
shown in Fig. 7A to the state shown in Fig. 7B. The 
circuit pattern 205 (305) is detected by the scan- 
ning ion image which is detected by the detector 
508, thereby positioning the defective portion at a 
high precision. In this case, the circuit pattern 205 
(305) of the X-ray mask of the sample image can 
be also detected not only by detecting the secon- 
dary electrons or secondary ions from the X-ray 
mask but also by detecting a current flowing to the 
plating electrode 203. In this case, the image which 
is obtained by processing the sample image based 
on those signals can be also used. 

As shown in Fig. 40, when the circuit pattern 

205 (305) of the X-ray mask, e.g., the Au pattern is 
exposed, the sputtering rate of the metal pattern of 
the X-ray absorber is generally higher than that of 
the protective film 204 (304) (or stencil for plating) 
made of polyimide or the like. For example, in the 
case of Au, the working promptly advances so that 
the surface of Au is worked as shown in Fig. 4D. 
The image which is detected by the detector 508 
becomes as shown in Fig. 7C. This means that the 
detection of the Au pattern itself causes a new 
defect and is a large problem. 

Fig. 8A shows an embodiment which can solve 
this problem. After a layer 205 (305) consisting of 
metal such as Au or the like having a high sputter- 
ing rate was formed by plating or the like, a film 

206 consisting of metal such as Ta. W, or the like 
having a low sputtering rate is thinly formed onto 
the layer 205 (305) by plating or the like. This film 
206 is performed as a stopper in the etching or 
sputtering process by irradiating an ion beam. By 
working these layers by an ion beam as shown in 
Rg. 4B, the circuit pattern 206 is exposed as 
shown in Fig. 88. However, since the circuit pattern 
206 is made of metal such as Ta, W, or the like 
having a low sputtering rate, it functions as a stop- 



per material in the etching process. The ion beam 
working does not suddenly advance. In this case, 
the circuit pattern 206 is detected by the difference 
between the contrasts of the stopper material 206 

5 and stencil 204 (304). 

However, even in this case, so long as the 
detection is performed by using the SIM image, the 
circuit pattern of the X-ray mask is certainly elimi- 
nated by the irradiation of the primary ions. There- 

zo fore, the image obtained by the single scanning 
operation of the ion beam is stored into image 
storage means or the like, thereby avoiding the 
vain scanning operation more than it is needed. 
Figs. 9A and 9B show another embodiment of 

75 the invention. 

The working is performed by an ion beam 109. 
in this case, just before the absorber pattern 
(circuit pattern) is exposed, the irradiation of the ion 
beam is stopped by using the blanking electrode 

20 and blanking aperture by a method such as in- 
tegration due to the measurement of the ion cur- 
rent, management of the working time, or the like. 

For the X-ray mask, the secondary electron 
image is detected by the scanning electron micro- 

25 scope, thereby detecting the defective circuit pat- 
tern of the X-ray mask. In this case, in the scanning 
electron microscope, different from the ion beam, 
the electron beam which is irradiated deeply enters 
the X-ray mask. Therefore, even when the protec- 

30 tive film made of polyimide or the like which is 
exposed on the surface of the X-ray mask remains, 
the primary electron beam enters the X-ray mask 
portion. The difference between the contrasts of 
the stencil 204 (304) and circuit pattern 205 (305) 

35 is obtained from the difference between the secon- 
dary electron emission rates, so that the circuit 
pattern as shown in Fig. 7B can be detected. 

Therefore, the circuit pattern 205 (305) in the 
lower portion can be detected in the state shown in 

40 Rg. 9A without damaging the absorber circuit pat- 
tern 205 (305) by the ion beam. The ion beam can 
be positioned to the defective pattern. The table on 
which the mask is set is moved by a distance X 
between the irradiating central electron axis of the 

45 secondary electron microscope and the irradiating 
central beam axis of the ion beam working ma- 
chine. By irradiating the ion beam to this portion, 
the defective portion can be corrected and worked 
as shown in Rg. 9B. 

so Rg. 10 shows an embodiment of an apparatus 

for embodying the method shown in Figs. 9A and 
9B. This apparatus has both of an ion beam work- 
ing machine 100 and a scanning type electron 
microscope 111 in a vacuum chamber 110. The ion 

55 beam is extracted by an extraction electrode 516 
from the ion source 501 arranged in the upper 
portion of a column 112 of the ion beam working 
machine 100. This ion beam is focused by the 
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electrostatic lens 503 and deflected by the deflect- 
ing electrode 505 and irradiated onto the sample 
(X-ray mask) 200 put on a sample (X-ray mask) 
holder 520, thereby working it. At this time, the 
secondary electrons or secondary ions generated 
from the sample (X-ray mask) 200 are detected by 
the secondary changed particle detector 508 and 
displayed on the display 509. On the other hand, 
an absorbing current which flows out of the plating 
electrode 203 of the sample (X-ray mask) can be 
extracted to the outside by a flexible wire 517 and 
amplified by an amplifier 518 and displayed by the 
display 509. 

An image processing apparatus 51 9 inputs im- 
age displayed on the display 509 and processes it, 
thereby enabling the detection to be performed 
with high contrast and high resolution. 

In this case, it is observed that the absorbing 
current from the plating electrode 203 changes as 
shown in Fig. 11 in accordance with the advance- 
ment of the working. As the result of the compari- 
son between the current change and the working 
result, it has been found that point A indicates the 
state of the absorber circuit pattern 205 (305) when 
it is exposed and point B represents the state when 
the working of the circuit pattern 205 (305) is 
finished. Consequently, this current change is de- 
tected and when the circuit pattern 205 (305) is 
exposed, the working can be stopped. 

On the other hand, the sample (X-ray mask) 
200 is worked until such a state that the thin 
protective film of polyimide remains (as shown in 
Fig. 9A) due to the control of the working time or 
does amount. Thereafter, the sample 200 is moved 
to the position of the S£M 1 1 1 and the SEM image 
is detected, thereby detecting the defective posi- 
tion. The defective pattern is once input to the 
image processing apparatus 519 through the dis- 
play 509. The table 515 is returned by a predeter- 
mined distance to the central position of the ion 
beam column 112 of the ion beam working ma- 
chine 100 by again driving the motor 512. The ion 
beam is irradiated onto this defective portion and 
can be corrected and worked. The defective pat- 
tern is once input to the image processing appara- 
tus 519 through the display 509, the motor 512 is 
driven, and the table 515 is moved by the predeter- 
mined distance. Thus, the sample (X-ray mask) 
200 is positioned so as to arrive at the location 
below the column 112 of the ion beam working 
machine 100. The SEM image stored in the image 
processing apparatus 519 is taken out and the 
defective position is detected together with the SIM 
image detected by the ion beam working machine 
100. The defect is corrected by irradiating the ion 
beam to the defective portion. Thus, only the de- 
fect can be corrected without exerting an adverse 
influence on the portions other than the defective 
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portion. 

Further, a protective film of polyimide or the 
like needs to be formed to the region worked by 
the ion beam including this defective portion by a 
5 plasma CVD method or the like. 

Figs. 12A to 12C show another embodiment 
which can detect at a good contrast. As shown in 
Fig. 12A. the etching stopper material 206 is 
formed on the circuit pattern 205 (305) in the same 
io manner as the foregoing embodiment. As shown in 
Fig. 12B. after working until the stopper material 
206 is exposed, the working is further executed. 
Thus, a protective film (stencil) 207 is worked ear- 
lier than the stopper material 206 as shown in Fig. 
is 12C due to the difference between the sputtering 
rates of the stopper material 206 and dry etching 
resist material (or plating stencil material) 207, so 
that a level difference is caused. Due to this level 
difference, the secondary electrons or secondary 
20 ions are easily emitted from the upper surfaces 
and edge portions of the level difference portions 
as compared with the bottom portions of the level 
difference portions. Therefore, the circuit pattern 
205 (305) having a higher contrast can be detected 
25 as compared with the case where no leveJAacfifcso 
ference exists. 

Figs. 13A and 13B show a method of improv- 
ing the detection contrast by making the level 
difference in a manner similar to the above. As 
30 shown in Fig. 13A, this method is characterized in 
that the working rapidly advances by use of a 
material having a high sputtering rate as the dry 
etching resist material (or plating stencil material). 
Next, the embodiment shown in Fig. 10 will 
35 now be further practically explained with reference 
to Fig. 14. 

The ion beam working machine shown in Fig. 
1 4 mainly comprises: the ion beam working section 
100 to work the protective film (polyimide 
40 isoindroquinazoline-dione) and Au pattern of the X- 
ray mask; detecting section 111 to detect the Au 
pattern of the X-ray mask; and positioning section 
(image processing apparatus) 519 to position the 
defective portion of the Au pattern. 

45 

(Working section) 

The ion beam working section comprises: the 
so liquid metal ion source 501 of a high luminance; 
the extraction electrode 516 to extract the ions 
from the ion source 501 ; the electrostatic type lens 
electrode 503 to focus an extracted ion beam 143; 
a blanking electrode 104 to turn on and off the ion 
55 beam 143; a blanking aperture 105; the electro- 
static type deflector 505 to scan the ion beam 143 
onto the X-ray mask 200 to be worked; the secon- 
dary electron detector 508 for capturing the secon- 
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dary electrons emitted from the surface of the X- 
ray mask 200 and converting into the electric sig- 
nal; an X stage 108 and a Y stage 109 for position- 
ing the X-ray mask 200. *o the ion beam optical 
system; the moving table 515 which moves the X- 
ray mask 200 to the detecting section when the Au 
pattern of the X-ray mask 200 is detected; an ion 
source controller 122 to optimize the extraction of 
the ions; an extraction electrode controller 123 to 
control the voltage of the extraction electrode to 
extract the ions; a lens electrode controller 124 to 
control the voltage of the lens electrode 503 to 
focus the ions; a blanking controller 125 to apply 
the voltage of the blanking electrode 104 to turn on 
and off the ion beam 143; a deflector controller 126 
to control the deflector to two-dimensionally scan 
the ion beam 143; an SIM Image display controller 
137 for amplifying the signal of the secondary 
electrons and displaying as an SIM image; and a 
display 509a. 



(Detecting section) 

The detecting section comprises: an electron 
gun 127 to emit electrons; an electromagnetic type 
focusing lens 128 to thinly focus an electron beam 
144 generated from the electron gun 127; an elec- 
tromagnetic type deflector 129 to two-dimension- 
ally scan the electron beam on the X-ray mask; an 
electromagnetic type objective lens 130 to focus an 
image; regulating (adjusting) movable aperture 131 
to converge the electron beam 144; a secondary 
electron detector 135 for capturing the secondary 
electrons generated from the X-ray mask 200 and 
converting into the electric signal; an electron gun 
controller 132 to control the emission of the elec- 
trons from the electron gun 127; a lens controller 
133 to control the currents of the electron gun of 
the electron beam 144 and of the focusing lens 128 
and objective lens 130 for performing the focusing 
operation and the like; a deflector controller 134 to 
control the deflector 129 to two-dimensionally scan 
the electron beam 144; an SEM image display 
controller 139 for amplifying the signal of the sec- 
ondary electrons and displaying as an SEM image; 
and a display 509b. 

. Among those components, the electron optical 
system and stage are enclosed in a vacuum cham- 
ber 1 12 which was exhausted to a vacuum degree 
of 10" 6 Torr or less by a vacuum pump and, 
further, they are mounted on a fixed plate 121 . 
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(Positioning section) 

The positioning section (image processing ap- 
paratus) 519 comprises: an SEM image memory 

5 128 to store the video signal by the secondary 
electrons of the detecting section as an SEM im- 
age; an SIM image memory 183 to store the video 
signal by the secondary electrons of the ion beam 
working section as an SIM image; a position decid- 

70 ing circuit 192 to decide the defective position by 
using the signals which are obtaired from the 
memories 182 and 183; a display 191 to display 
the image in which the defect obtained from the 
position deciding circuit 192 is shown; a positioning 

75 device to designate the defective position from the 
image displayed on the display 191; and a posi- 
tioning controller 181 to control the respective com- 
ponents in the positioning section. The position 
deciding circuit 192 comprises: an SEM image 

20 binarizing circuit 184 and an SIM image binarizing 
circuit 185 to binarize the signals obtained from the 
SEM image memory 182 and SIM image memory 
183; an SEM image edge detecting circuit 186 and 
an SIM Image edge detecting circuit 187 to detect 

25 the edges of the worked hole from the images 
based on the btnarized signals; a positioning circuit 
188 to correct the positional deviation between the 
SEM and SIM images on the basis of the detected 
edges; and a superposing circuit 189 for super- 

30 posing the SEM and SIM Images, thereby obtain- 
ing the image in which the defect is displayed. 



(Operation) 

35 

The operation will now be described. 
As shown in Fig. 15. the X-ray mask 200 to be 
worked comprises: the protective film 204 having a 
thickness of 3 tim; the Au pattern 205 having a 
40 width of 0.5 urn and a thickness of 1 am and 
capable of absorbing the X ray; a cushioning ma- 
terial 147 having a thickness of 2 urn; the support- 
ing film 202 made of BN; and the supporting frame 
201 made of Si. 
45 The minimum size of a defective portion 150 of 

the Au pattern is 0.1 urn. 

Rrst the protective film 204 is worked to de- 
tect the Au pattern. The working position is set by 
moving the X stage 108 and Y stage 99 on the 
so basis of the position information derived when the 
defect is detected. However, it is difficult to ac- 
curately set the working position to the defective 
portion of the Au pattern 205 due to the positioning 
precision of the X and Y stages, setting error of the 
55 X-ray mask to the stages, or the like. In addition, 
the shape of defect is not known. Therefore, when 
the polyimide protective film 204 is worked, its size 
is set to a value which is several times as large as 
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the pattern width as shown inPig. 17, that is. it is 
set to a square size of about 3 am. On the other 
hand, the working depth is set to 1.8 um since the 
dimensions of the surfaces of the protective film 
and Au pattern are set to 2 jxm. 

The working is performed by the ion beam 
143. The ion beam 143 is generated by applying a 
high voltage of a few kilovolts between the ion 
source 501 and the extraction electrode 516. The 
ion beam is then focused to a diameter of about 
0.5 um by the lens electrode 503 and irradiated 
onto the surface of the X-ray mask 200. The beam 
diameter is set to about 0.5 um when the protec- 
tive film 204 of the X-ray mask is worked and to 
about 0.1 um when the SIM image is obtained and 
when the defective portion 150 is worked. This is 
because in the case of working polyimide of the 
protective film 204 f the sputtering rate of polyimide 
is smaller than that of Au, the working volume is 
large, and a high working accuracy is not neces- 
sary. The beam diameter is adjusted by changing 
the diameter of aperture (not shown) arranged at 
the central position among the lens electrodes 503 
(Fig. 14). When the ion beam 143 is scanned by 
the deflector 505, the deflector controller 126 is set 
so that the scanning range is set to a square of 3 
um. The end point of the working of the protective 
film 204 is set such that the protective film 204 of a 
certain thickness remains so as not to work the Au 
pattern. Thus, the working precision within a range 
of i 10% is permitted and the working is made 
easy as compared with the case of perfectly elimi- 
nate the protective film 204. For instance, when the 
beam current value is set to a constant value, the 
working amount (working depth in this case) is 
proportional to the working time, so that the work- 
ing end point can be detected by the working time. 

The deflector controller 126 is set so as to 
scan the ion beam 143 within a range of the size 
which is about twice as large as that upon working 
around the working hole of the protective film 204, 
for example, to the range of a square of 6 um after 
completion of the working of the protective film 
204. The diameter of the ion beam 143 is set to 0.1 
um. The ion beam 143 is scanned by the deflector 
505. The secondary electrons generated from the 
surface of the X-ray mask are captured by the 
secondary electron detector 508 and converted into 
the electric signal and amplified. The luminance is 
changed on the display 509a synchronously with 
the deflection of the ion beam by the SIM image 
display controller 137, thereby obtaining the SIM 
image. At the same time, the SIM image is stored 
into the SIM image memory 183 in the positioning 
section. At this time, although the portion of the 
SIM image (Fig. 18F) corresponding to the protec- 
tive film of a worked hole 156 is pale, the image of 
the Au pattern cannot be obtained. On the surface 



of the protective film of the working hole 156, 
convex and concave portions 159 by the circuit 
pattern on a protective film 158 existing before the 
working are eliminated by the working. Thus, the 
5 slight contrast of the edges of the Au pattern which 
existed before the working is also extinguished. On 
the contrary, since the convex and concave por- 
tions 159 by the circuit pattern on the protective 
film 158 after the working are eliminated, the lu- 

70 minance of edges 157 of the worked hole is de- 
tected as a high value when it is observed from the 
whole SIM image. 

Next, the moving table 515 on which the X-ray 
mask 200 is mounted is moved to the detecting 

is section. At this time, if the optical axes of the ion 
beam optical system and electron beam optical 
system are made coincident, the working portion of 
the X-ray mask can be moved below the electron 
beam optical system at the luminance of 1 um or 

20 less by setting the feeding amount of the moving 
table to a constant value with the X stage 108 and 
Y stage 99 fixed. 

In the detecting section, the electrons -gen*^ 
erated from the electron gun 127 are focused by 

25 the focusing lens 128 and objective lens 130. The 
focused electron beam 144 is deflected by the 
deflector 129 and two-dimensionally scanned on 
the X-ray mask 200. At this time, the deflector 
controller 134 is preset so as to set the scanning 

30 width to the same value of the square of 6 um as 
that in the case of obtaining the SIM image. The 
secondary electrons generated from the surface of 
the X-ray mask 200 are captured by the detector 
135 and converted into the electric signal and 

35 amplified. The luminance on the display 509b is 
changed synchronously with the deflection of the 
electron beam by the SEM image display controller 
139. thereby obtaining the SEM image. At the 
same time, the SEM image is stored into the SEM 

40 image memory 182 in the positioning section. As 
shown in Fig. 17A, the shapes of the Au pattern 
149 and a defective portion 160 under the thin 
protective film are reflected to the SEM image at 
this time because the electrons of the scanning 

45 electron beam deeply enter the X-ray mask to be 
worked as compared with the ions of the ion beam. 
However, since a protective film 161 around the 
hole is thick, the Au pattern under this protective 
film cannot be detected similarly to the case of the 

so SIM image. On the other hand, the edge portion of 
the worked hole is detected as a high luminance 
image similarly to the case of the SIM image. 

Next, in accordance with an instruction from 
the positioning controller 181 (Fig. 14) in the posi- 

55 tioning section, the SIM and SEM image binarizing 
circuits 185 and 184 in the position deciding circuit 
192 obtains the binarization images of the SIM 
image of Fig. 18F and SEM image of Fig. 18A by 
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use of the image data in the SIM and SEM image 
memories 183 and 182 in which those SIM and 
SEM images are stored. 

A luminance level 164 (Fig. 18G) of one scan- 
ning line 162 of only the edge portion 157 of the 
worked hole is high for the SIM image of Fig. 18F. 
Therefore, a binarizatlon level 168 (Fig. 18H) which 
is set to "1 " for only the edge portions and to "0" 
for the other portions is derived. Thus, the binariza- 
tion image as shown in Fig. 181 is derived from the 
SIM image binarizing circuit 185. On the other 
hand, a luminance level 165 (Fig. 18B) of one 
scanning line 163 corresponding to each of an 
edge 1 70 of the worked hole of the protective film 
and the Au pattern 159 and defective portion 160 in 
the worked hole is high for an SEM image 161 of 
Fig. 18A. Therefore, a binarization level 169 (Fig. 
18C) which is set to "1" for only the edge portion 
170 and the portions of the Au pattern 149 and 
defective portion 160 in the worked hole and to "0" 
for the other portions is derived. Thus, the binariza- 
tion image as shown in Fig. 18D is obtained from 
the SEM image binarizing circuit 184 (Fig. 14). 
There are several methods of setting binarization 
reference levels 168 and 167 (Figs. 18G and 18B) 
which are used to binarize by the SIM and SEM 
image binarizing circuits 185 and 184. In this case, 
the luminance levels 164 and 165 relate to the 
edge portions, the maximum value substantially 
corresponds to the upper side of the worked hole, 
and the minimum value substantially corresponds 
to the lower side of the worked hole, respectively. 
Therefore, each of the binarization reference levels 
166 and 167 is set to the intermediate value be- 
tween the maximum and minimum values. 

Next, edges 171 and 170 of the worked hole 
are detected from the binarized images 169 (174) 
and 168 (172) by the SEM image edge detecting 
circuit 186 (Rg. 14) and SIM image edge detecting 
circuit 187. The edges are set to edge lines 179 
and 180 on the inside of the edge portions 173 and 
175 of the binarized images as shown in Figs. 181 
and 18D. Although there is a case where the dis- 
tances of the edge lines 179 and 180 differ de- 
pending on the SIM and SEM images, the process 
in such a case is executed by the following posi- 
tioning circuit 188. 

The positioning circuit 188 (Fig. 14) calculates 
the deviation amount when the edge line 179 of the 
SIM image of Rg. 181 and the edge line 180 of the 
SEM image of Rg. 180 overlap (unless they over- 
lap, the distance becomes the minimum). This de- 
viation amount corresponds to a deviation 195 of 
the SEM image of Rg. 18D to the SIM image of 
Rg. 181. Reference numeral 176 denotes a binariz- 
ed image of the Au pattern and 177 represents a 
binarized image of the defective pattern. 

In the superposing circuit 189 (Rg. 14), only 
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the inside portion of the edge line 180 is extracted 
from the binarized SEM image 174 of Rg. 18D and 
moved by only the deviation amount 195 calculated 
by the positioning circuit 188 and superposed to 

5 the binarized SIM image 172 of Rg. 181, thereby 
obtaining the superposed image 172 (Rg. 18E). In 
this case, the processes have been made with 
regard to the binarized SIM image 168 (172) and 
binarized SEM image 169 (174). However, only the 

/o inside portion of the edge line of the SEM image of 
Rg. 18A can be also superposed to the SIM Image 
of Rg. 1 8F before binarization. If the image before 
the binarization was superposed, the positioning to 
defect can be performed by the next positioning 

75 device by use of the image before the binarization. 

The positioning device 190 (Rg 14) then dis- 
plays the image obtained from the superposing 
circuit 189 onto the display 191, designates the 
defective portion by a cursor line or the like, and 

20 indicates the working range to the deflector control- 
ler 126. 

The moving table 515 on which the X-ray mask 
200 is mounted is again moved to the ion beam 
working section. At this time, the moving amount is 

25 the same as the moving amount when the moving 
table was moved from the ion beam working sec- 
tion to the detecting section. In the ion beam 
working section, the diameter of the ion beam is 
set to 0.1 am, the ion beam is scanned within the 

30 range designated in the deflector controller 126, 
and only a defective portion 1 55 of the Au pattern 
can be worked and eliminated as shown in Rg. 19. 

According to the embodiment the Au pattern 
under the protective film which cannot be detected 

35 by only the SIM image derived by the ion beam 
working section is detected by the SEM image in 
the detecting section and superposed to the SIM 
image, thereby enabling the defective position to 
be determined and also enabling only the defect to 

40 be worked and eliminated. 

That is. according to the embodiment the de- 
fective portion 150 of the fine pattern 205 under the 
protective film 204 as shown in Rg. 15 can be 
worked. In detail, instead of working as shown in 

45 Rg. 16. as shown in Rg. 17. the pattern 205 and 
defect 150 under the thin protective film 204 ob- 
tained by forming a hole 151 by the ion beam 143 
with a part of the protective film 204 remained are 
detected by the scanning electron microscopic im- 

50 age and the detected image is superposed to the 
scanning ion image, thereby positioning the defec- 
tive portion 150 of the pattern and enabling only 
the defective portion of the pattern to be accurately 
and precisely worked. There is an advantage such 

55 that the fine pattern which cannot be detected by 
the optical microscope can be detected and 
worked without any damage of the pattern due to 
the focused ion beam associated with the detection 
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of the pattern. 

As described above, according to the present 
invention, the defect of the circuit pattern of the X- 
ray mask having the protective film on the top layer 
can be corrected by the ion beam and a large 
economical advantage can be derived. 



Claims 

1 . A method of correcting defects of an X-ray 
mask comprising the steps of: 

irradiating a focused ion beam (143) to at least 
a region having a defective portion (150, 160) of an 
X-ray mask (200) having a protective film (204, 
304) and eliminating said protective film; 

exposing a circuit pattern (205, 305) having a 
defective portion (150, 160) locating under said 
region or setting said circuit pattern to a state near 
the exposure; 

detecting at least one of secondary electrons, 
secondary ions, reflected electrons, and absorbing 
current which are generated from said region and 
detecting a true defective position; 

positioning said focused ion beam to said true 
defective position; 

irradiating the focused ion beam to the 
defective portion; and 
correcting the defect. 

2. A method according to claim 1, wherein a 
material having a low sputtering rate for the ion 
beam (143) is formed on the top layer of said 
circuit pattern (205, 305) such that the circuit pat- 
tern exposed to detect the true defective position is 
not worked. 

3. A method according to claim 1, wherein 
when said protective film (204, 304) is eliminated 
by said focused ion beam (143) to detect the true 
defective position, a level difference is caused due 
to the difference between the sputtering rates of 
the portion of the circuit pattern (205, 305) and the 
portion other than the circuit pattern. 

4. A method according to claim 1, wherein said 
circuit pattern (205, 305) is exposed or set to the 
state near the exposure by detecting the absorbing 
current to said X-ray mask (200). 

5. A method according to claim 1 , wherein the 
correction of the defect is performed by a method 
of ion beam CVD, ion beam deposition, or the like. 

6. A method of correcting defects of an X-ray 
mask comprising the step of: 

irradiating a focused ion beam (143) to at least 
a region having a defective portion (150, 160) of an 
X-ray mask (200) having a protective film (204, 
304) and eliminating said protective film; 

exposing a circuit pattern (205, 305) having a 
defective portion (150, 160) locating under said 
region or setting the circuit pattern to a state near 



the exposure; 

picking up an image of said region by a 
scanning electron microscope and detecting a true 
defective position; 
5 positioning the focused ion beam (143) to said 

true defective position; 

irradiating the focused ion beam to the 
defective portion; and 
correcting the defect. 
70 7. A method according to claim 5, wherein said 

circuit pattern (205, 305) is exposed or set to the 
state near the exposure by detecting the absorbing 
current to the X-ray mask (200). 

8. A method according to claim 5. wherein the 
75 correction of the defect is performed by a method 

of ion beam CVD, ion beam deposition, or the like. 

9. A method of correcting defects of an X-ray 
mask comprising the steps of: 

irradiating a focused ion beam (143) to an X- 

20 ray mask (200) having a fine pattern (205. 305) 
covered by a protected film (204, 304) while scan- 
ning the focused ion beam, and eliminating a part 
of said protective film; 

irradiating an electron beam (144) to the X-ray 

25 mask (200) a part of which was eliminated while 
scanning the electron beam, and extracting an' inS- 1 *'*' 
age signal of the fine pattern (205, 305) covered by 
the protective film (204, 304); 

irradiating the focused ion beam (143) to the 

30 X-ray mask (200) a part of which was eliminated 
while scanning the focused ion beam, and extract- 
ing an image signal of the X-ray mask; and 

combining said two kinds of image signals and 
working the defective portion of the fine pattern. 

35 10. A method according to claim 9. wherein a 

flow rate of the ion beam is made constant and the 
elimination of said protective film (204. 304) is 
made proportional to only a working time. 

1 1 . A method according to claim 9, wherein the 
40 combination of said two kinds of image signals is 

performed by superposing images on the basis of 
edge portions (157, 170, 171) which are caused by 
eliminating a part of the protective film (204, 304). 

12. A method according to claim 11. wherein in 
45 the selection of said edge portions, they are speci- 
fied by performing a binarizing process by using 
an intermediate value between the maximum and 
minimum luminances of each of the image signals 
as a threshold value. 

so 13. A method according to claim 9. wherein a 

diameter of the focused ion beam (143) which is 
used to eliminate a part of said protective film (204, 
304) is set to be larger than a diameter of the 
focused ton beam which is used to work the defec- 
55 tive portion of said fine pattern (205, 305). 

14. An apparatus for correcting defects of an 
X-ray mask comprising: 

first ion beam working means (100) for 
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irradiating a focused ion beam (143) to at least a 
region having a defective portion (150, 160) of an 
X-ray mask (200) having a protective film (204, 
304). for eliminating said protective film, and for 
exposing a circuit pattern (205, 305) having a de- 5 
fective portion (150. 160) locating under said region 
or setting this circuit pattern to a state near the 
exposure; 

a scanning type electron microscope (111) for 
irradiating an electron beam (144) to said X-ray ro 
mask (200) and scanning said electron beam, 
thereby detecting secondary electrons which are 
derived from said region; 

detecting means for superposing an SIM 
image detected by said first ion beam working ts 
means and an SEM image which is derived by said 
scanning type electron microscope (111), thereby 
detecting a defective position; and 

second ion beam working means (100) for 
irradiating the ion beam (143) to the defective 20 
position detected by said detecting means, thereby 
eliminating and correcting the defect. 

15. An apparatus according to claim 14, 
wherein said X-ray mask is put on a moving table 
(515). 25 
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